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Abstract  
Research on oscillatory patterns specifically theta/beta ratio (TBR) has received more 
attention and recent investigations have suggested TBR to have relationships with emotion 
regulation strategies (Putman et al., 2014). The main goal of the current study is to investigate 
how emotion regulation influences heart rate in participants who successfully reappraise, after 
being exposed to negative pictures. The secondary aim was to study the association between 
TBR and bradycardia in those participants. Successful use of cognitive reappraisal, namely a 
higher beats per minute (bpm) contrast score was expected to correlate with lower TBR at 
baseline measurement. Subjects were 50 students who were exposed to emotional pictures 
while their heart rate was measured. Baseline EEG measurements were measured. 
Correlations revealed no significant association between cognitive reappraisal and TBR. 
Hence the results of the present study did not provide support that TBR is related to the 
emotion regulation strategy cognitive reappraisal. 
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The association between cognitive reappraisal and theta-beta ratio  
The deliberate effort to influence one’s emotions, the time at which we experience 
them and the way they are expressed is called emotion regulation (Gross, 1998). The manner 
in which we regulate our emotions has been shown to affect our mental and physical health 
(e.g., Hopp, Troy, & Mauss, 2011). Difficulties in down regulating negative emotions have 
been linked to depression vulnerability (Ehring, Tuschen-Caffier, Schnulle, Fischer, & Gross, 
2010) and various mood disorders such as generalized anxiety disorders (e.g., Etkin, Prater, 
Hoeft, Menon, & Schatzberg, 2010). These difficulties in emotion regulation have been 
shown to be related to cognitive control an important executive function (Morillas-Romero et 
al., 2014). Recent investigations have suggested an EEG-biomarker for impaired cognitive 
control that may be used to study differences in emotion regulation as well (Putman et al., 
2014). To explore this potential biomarker, the present study will examine the association 
between oscillatory patterns and cognitive reappraisal; a widely investigated emotion 
regulation strategy. Specifically the difference between resting-state electroencephalographic 
(EEG) slow and fast wave frequency bands (SW/FW) and potential associations with 
cognitive reappraisal will be investigated. 
 In Gross’ process model of emotion regulation, several strategies are differentiated 
based on their temporal occurrence (Gross, 1998). Emotion regulation strategies that are 
employed prior to the emotion eliciting event are defined as antecedent-focused, whereas 
strategies that are used afterwards are called response focused. Cognitive reappraisal is 
considered to be an antecedent focused strategy, implying that it occurs before an emotional 
response has been fully generated (Gross & Thompson, 2007). It involves changing one’s 
initial interpretation of a negative event in order to alter its emotional impact (Gross, 1998). 
An example of applied cognitive reappraisal would be failing a test and initially feeling bad 
about it, but later viewing this experience as a learning opportunity and consequently feeling 
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better about it. Overall, cognitive reappraisal has been shown to be associated with positive 
live outcomes in several studies (e.g., Gross & John, 2003; McRae et al., 2012).  
Cognitive reappraisal has been measured in several ways, starting with self-report 
measuring the frequency of cognitive reappraisal use (e.g., Gross & John, 2003). To 
overcome limitations inherent to the self-report measures, recent investigations have used 
physiological measures in addition to reported changes in emotion (e.g., Troy, Wilhelm, 
Shallcross & Mauss, 2010). Troy and colleagues asked participants to watch a sad movie clip 
and rate their emotion afterwards (e.g., sadness) on a scale. In the experimental condition they 
were instructed to reappraise the content of the film clip, while in the comparison condition 
they were instructed to simply watch. At the same time their skin conductance was measured. 
Changes in sadness between the two conditions were used to measure cognitive reappraisal.  
Results demonstrate that both changes in skin conductance and emotion were not associated 
with formerly used retrospective self-report measures (see e.g., Gross & John, 2003) of 
cognitive reappraisal. The authors suggest that physiological measures might be more specific 
in assessing cognitive reappraisal compared to the traditionally used self-report measures 
(Troy et al., 2010). 
Alternatively, changes in heart rate (HR) have been used as a physiological measure of 
cognitive reappraisal (Denson, Grisham & Moulds, 2011). HR indicates the flexibility of the 
interplay between the sympathetic nervous system (SNS) and the parasympathetic nervous 
system (PNS), which are the two divisions of the autonomous nervous system (Denson et al., 
2011). The SNS amplifies arousal (i.e., increases heart rate; HR) as a reaction to a stressful 
situation, whereas the PNS or inhibitory system keeps arousal (HR) lower in safe 
circumstances. Higher HR has been related to a better response to changes in the environment 
and a more flexible changing of the autonomous nervous system (Denson et al., 2011). It is 
also known to be a physiological indicator of one’s capacity to effectively regulate emotions 
(Appelhans & Luecken 2006; Stein & Kleiger 1999). Cognitive reappraisal has been shown to 
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prevent negative emotional and maladaptive cardiovascular responses from being fully 
elicited (Memedovic et al., 2010).  
The present study employed a relatively new measure of emotion regulation by using 
the ’freeze response’ to assess cognitive reappraisal. Freezing is a defense response to 
threatening situations that is mostly characterized by quick reductions in heart rate 
(bradycardia) and mobility, that is indicative of heightened orienting and attention towards 
threatening stimuli (e.g. Hagenaars, Stins, & Roelofs, 2012). If drops in HR last excessively 
long, oxygen resources may diminish and the central nervous system will be compromised, 
which may eventually lead to cardiac diseases. Cognitive reappraisal may interrupt or 
diminish these heart rate reductions and thereby benefit well-being. The freeze response has 
typically been studied in relation to trauma and PTSD (Hagenaars et al. 2010). Given that 
cognitive reappraisal decreases the emotional response to affective stimuli, it is conceivable 
that successful reappraisal could be associated with a reduced freeze response, i.e., less 
deceleration of the heart rate.  
Prior research indicates that cognitive reappraisal might not only be related to HR but 
also to cognitive control and thus could potentially be indirectly assessed by means of brain 
imaging techniques. Several studies suggest that cognitive reappraisal and cognitive control 
functions are associated. For instance, findings from neuroimaging studies have shown 
preferential activation in the prefrontal cortex (PFC) during cognitive reappraisal, which is 
associated with cognitive control processes, suggesting that there is an association between 
reappraisal and other cognitive control processes (Diekhof et al., 2011; Miller & Cohen 2001; 
Ochsner et al., 2002). Further, difficulties in attentional and inhibitory control have been 
related to problems in effective emotion regulation and to psychopathology (e.g. Rothbart and 
Rueda, 2005; Morillas Romero et al., 2014). The theory of cognitive control (Eysenck, et al., 
2007) attempts to explain cognitive control and how dysfunctions may develop. It proposes 
two attentional systems, one that is top-down controlled, a goal directed attentional system, 
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and a bottom-up controlled, stimulus driven attentional system.  According to the theory, the 
balance between the two systems may be disrupted by e.g., anxiety. Automatic processing of 
threat related stimuli (bottom-up processing) would decrease the influence of the goal–
directed attentional system (top-down) and would increase the stimulus driven attentional 
system.  Hereby the attentional control is reduced. Disruption of the two systems would 
consequently lead to impairment in the inhibition and shifting functions (Eysenck et al., 
2007). Several studies have indeed shown associations between problems in emotion 
regulation and psychopathology (e.g., Ehring, Tuschen-Caffier, Schnulle, Fischer, & Gross, 
2010; Bar-Haim et al., 2007). Similarly, problems in executive functions such as attention 
have been associated with emotional regulation success and mood disorders (Bar-Haim et al., 
2007). A bias towards stimulus–driven attention has been found in patients of most anxiety 
disorders. Individuals with anxiety disorders have a strongly prioritized attention towards 
threatening information over neutral and positive information. In a study with healthy 
individuals, higher self-reported attentional control predicted greater spontaneous emotional 
down regulation after exposure to aversive pictures (Morillas Romero et al., 2015). All 
together these results suggest that if cognitive reappraisal is a form of cognitive control, 
dysfunction or biases of cognitive control may similarly be related to weaker cognitive 
reappraisal. 
Research that has focused on a potential biomarker of dysfunctional attentional 
processes, has repeatedly found an association with oscillatory patterns. Oscillatory patterns 
describe neuronal activity in the central nervous system that can be reflected through EEG 
slow and fast waves frequency bands. Theta rhythms (slow waves) tend to occur during 
ruminant or sleepy and meditative states but not during deep sleep (Schacter, 1977; Hasselmo, 
2005). They have been found to underlie various aspects of cognition and behavior including 
memory and spatial navigation. In contrast, beta rhythms (fast waves) index cortical arousal 
and are associated with consciousness and wakefulness (Rangaswamy et al., 2002). The 
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difference between resting-state EEG slow and fast wave frequency bands (SW/FW) is 
referred to as theta/beta ratio (TBR), has been related to individual differences in attentional 
control which are likely mediated by the PFC (Barry, Clarke, & Johnstone, 2003). For 
example, problems with inhibiting functions, as seen in Attention Deficit Disorder and 
Attention Deficit Hyperactivity Disorder patients have been robustly associated with higher 
TBRs (Arns, Conners & Kraemer, 2013). Taken together, these findings may suggest that 
TBR could be a biomarker of dysfunctional attentional processes. Since cognitive reappraisal 
involves cognitive control processes such as attentional control (Morillas-Romero et al., 2014; 
Rothbart & Rueda 2005), it seems likely that poorer cognitive reappraisal, similar to poorer 
attentional control, would be evident in higher TBRs. Thus, poor reappraisal skills might be 
indirectly linked to a higher ratio of slow to fast wave brain activity. So far, no research on 
emotion regulation has focused on associations between cognitive reappraisal and oscillatory 
patterns however. The present study will explore the potential role of TBR as a biomarker for 
effective emotion regulation, specifically for cognitive reappraisal. 
The main goal of the current study is to investigate how emotion regulation influences 
heart rate in participants who successfully reappraise, after being exposed to negative 
pictures. The secondary aim was to study the association between TBR and bradycardia in 
those participants. Successful reappraisal is defined as  higher average beats per minute (bpm) 
therefore less bradycardia in the cognitive reappraisal condition compared to the average bpm 
in the attend negative pictures condition. EEG baseline measures were established and heart 
rate was measured while the participants were exposed to emotional and neutral pictures. 
Hypothesis 1: Firstly, we investigated the differential effects of negative and neutral 
picture exposure on heart rate; we expected stronger bradycardia for exposure to negative 
pictures compared to exposure to neutral pictures. 
Hypothesis 2: We expected the cognitive reappraisal strategy to be effective in 
decreasing the emotional impact of the negative pictures. Therefore we expected less 
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bradycardia when the reappraisal strategy was used compared to simply attending to the 
negative pictures. 
Hypothesis 3: We expected successful use of cognitive reappraisal, namely a higher 
bpm contrast score (attend negative minus reappraisal), to correlate with lower theta/beta 
ratio at baseline. 
Method 
Participants 
Participants were 55 students thereof seven males and 47 females, who were recruited 
at the University of Leiden and received either course credits or 20€ for participation. Their 
age ranged from 19 to 29 years (M =22.13, SD=2.75). All participants filled in an informed 
consent before the start of the study. The study was approved by the ethical committee of the 
Faculty of Behavioral and Social Sciences, Leiden University. 
Materials and Measures 
Stimuli. Photo stimuli were used to induce emotions in the participants. Eighty 
pictures were selected from the International Affective Picture System (IAPS; Lang, Öhman 
& Vaitl, 1988). The pictures were neutral (40) or threatening (40) in content. The pictures 
were shown in 4 blocks with each block containing 20 pictures. Each picture was presented 
for 4 seconds on a computer screen. The emotion regulation strategies cognitive reappraisal 
and suppression and the attend block were compared on the basis of heart rate, more 
specifically beats per minute.  
Heart rate. Heart rate was measured using BioPack software with electrodes that were 
applied to the solarplexus, the center of the chest, and on the right and left side next to it. The 
difference in average heartbeats per minute (bpm) between the two conditions reappraisal and 
attending negative pictures was defined as reappraisal success.    
EEG measures. EEG data were obtained with the ActiveTwo BioSemi system 
(BioSemi, The Netherlands). Six electrodes were used to record resting-state EEG from the 
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F3, Fz, F4, C3, Cz and C4 10/20 positions. External electrodes were placed at the left and 
right mastoids to reference the scalp signals. Brain Vision Analyzer V2.02 (Brain Products 
GmbH, Germany) was used for offline data processing. Three different filters were applied: a 
0.1-Hz high-pass filter, a 100-Hz low-pass filter and a 50-Hz notch filter. Data was analyzed 
in four-second segments and was automatically corrected for ocular artifacts (muscle and eye 
movements). To calculate area power density for beta (13-30 Hz), and theta (4-7 Hz) 
frequency bands, the data was transformed by applying fast Fourier transformation (with a 
resolution of 0.25 Hz, and a hamming window of 10 %). Power densities were averaged for 
each region (frontal and central). The ratio was calculated by dividing theta power density by 
average beta power density. The EEG recording was 8 minutes long.  
Additional measures. A medical questionnaire was administered to ensure that 
participants were healthy and not under the influence of any substances (including drugs and 
medication). E-prime version 2.0 software was used for the self- report questionnaires and the 
cognitive performance tasks. Further measures were the State-Trait Anxiety Inventories 
(STAI-T and STAI-S; Spielberger, 1983) and the Attentional control scale (ACS; Derryberry 
and Reed, 2001). Several measures were used to assess cognitive measures such as attention 
and distractibility. However, these tasks and questionnaires were not of interest to the current 
study and will therefore only be mentioned in the procedure but not discussed in more detail.  
Procedure 
The study consisted of two sessions both taking place in a laboratory at the University 
of Leiden. The sessions were administered on separate days with one week maximum in 
between to ensure that participants could concentrate well during the tasks. In the first session 
participants filled in the demographic and medical questionnaires (see appendix) before they 
started with the EEG attachment. For the EEG attachment (ca.10 min), six electrodes were 
placed on the central and frontal areas of the scalp and it was ensured that the signals were 
clear and without noise. The participants were asked to sit still during the measurement and to 
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keep their eyes open or closed alternatively every other minute. After the EEG measurement 
(eight min.) was completed and the electrodes were removed, the Weird task (15 min) was 
administered. Next, the trait- state anxiety questionnaires and the Attentional Control Scale 
(all together 10 min) were administered on the computer. The last task of the first session was 
the Dot Probe task (10 min).  
 The second session consisted of the emotion regulation task (10 minutes) and the E–
ANT task (25 minutes). For the emotional regulation task, subjects were first exposed to a 
series of mild to high threatening pictures which were presented on a computer screen. For 
each block the participants were instructed to use one of three strategies, (suppression, 
reappraisal, or simply attending), when looking at the pictures. The sequence of neutral and 
negative pictures in each of the blocks and the order of strategies was counterbalanced 
between subjects. For the ‘attend’ strategy all subjects were asked to simply look at the 
pictures whereas for the ‘suppression’ strategy all subjects were instructed to accept the image 
and suppress their emotional reaction (feelings). The instruction for the ‘reappraisal’ strategy 
was to change the meaning of the negative image by seeing the content from a more positive 
perspective. To ensure that the participant knew how to apply the strategies, a practice trial for 
both suppression and reappraisal took place prior to the task. While participants were 
performing this task, their heart rate was measured. The electrodes were connected to a 
computer in front of the participant. After the emotion regulation task, heart rate equipment 
was detached and the E-ANT task was introduced by the experimenter. The entire study took 
approximately one hour and 45 minutes, with the first session lasting 60-70 minutes and the 
second session lasting 40 minutes. 
Data analysis Plan 
 In the present study data analysis was conducted in three phases. First, a series of 
univariate analyses were conducted which compared the main variables of interest (heart rate 
variables and TBR) with demographic variables to identify potential covariates to be included 
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in the main analyses. Second, repeated measures analysis of variances (RM-ANOVA) was 
performed to test whether emotional induction and reappraisal was successful. The four 
emotion regulation conditions (attend neutral, attend negative, reappraisal and suppression) 
represented the within subject factors. Participants average heart rate (bpm) in the negative 
picture exposure condition (M = 1.89, SD = .06) was compared to the neutral picture exposure 
condition (M = 1.89, SD = .06; Hypothesis I).The attend negative condition (M = 1.89, SD = 
.06) was compared to the cognitive reappraisal condition (M = 1.89, SD = .06 Hypothesis II).  
To further investigate and to specify the direction of the differences between the conditions, 
multiple comparisons were performed using matched-pairs t-tests. The four emotion 
regulation conditions (attend neutral, attend negative, reappraisal and suppression) 
represented the within subject factors. In the third phase, contrast score variables which 
represented ‘emotional induction’ (difference between negative attend and neutral attend in 
bpm) and ‘reappraisal success’ (difference between negative attend and reappraisal in bpm) 
were computed in order to investigate potential associations. Pearson correlations were 
performed to examine relations between EEG-variables (TBRComplete M = -.13, SD = .18; 
TBRCentral M = -.13, SD =.19; TBRFrontal M = -.15, SD = .23) and heart rate measures 
(Emotional induction M = 1.59, SD = .05; Reappraisal success M = 1.60, SD =.04; Hypothesis 
III).  
Results 
Preliminary analyses. The data of five participants was excluded because the EEG 
recordings were of poor quality. Therefore 50 participants were left for statistical analyses. 
Preliminary analyses revealed no effects on heart rate due to age or gender. Independent 
samples t-tests showed no gender differences in heart rate measures in the three conditions 
(Attend Neutral: t = -.66, p = .19; Attend Negative: t = -.71, p = .46; Reappraisal: t = -.67 p = 
.90). There was no significant correlation between age and heart rate for all three conditions 
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(Attend Neutral: r(50) = -.03, p = .84; Attend Negative: r(50) = .04, p = .81; Reappraisal: 
r(50) = .07, p = .63). See the following table for means and standard deviations. 
Table 1 
Descriptives of heart rate measures, EEG measures and Age 
Variables  M SD 
1. Attend neutral (bpm) 1.89 .06 
2. Attend negative (bpm) 1.89 .06 
3. Reappraise (bpm) 1.89 .06 
4. Suppress (bpm) 1.88 .06 
5.TBR Complete OC (Hertz) -.13 .18 
6. TBR Central OC (Hertz) -.13 .19 
7.TBR Frontal OC (Hertz)  -.15 .23 
8. Age (years) 22.24 2.84 
Note. N=50 (43 females, 7males). * = p < .05, ** = p < .01, 
 OC = Eyes Open and Closed  
 
Hypotheses testing. Firstly, it was hypothesized that negative picture exposure would 
induce stronger bradycardia compared to neutral picture exposure. Secondly, we hypothesized 
that using the reappraisal strategy would lead to less bradycardia compared to simply 
attending to negative pictures. Independence of observations was assumed. The assumption of 
multivariate normality was violated as the residual plots revealed. The Shapiro-Wilk tests 
showed that normality was met for the individual heart rate measures. However the 
assumption was not met for the contrast score variables. Neither the bpm contrast score of the 
negative attend and the neutral condition (S-W(50) = .86, p<.001), nor the contrast score of  
the attend negative and reappraisal condition (S-W(50) = .95, p<.02) indicated a normal 
distribution. Thus, the data were transformed using a log10 transformation.The Mauchly’s test 
indicated violation of the assumption of sphericity (χ ²(5) = 18.99, p = .002), therefore the 
degrees of freedom were corrected using Greenhouse-Geisser corrections. Graphical 
inspection of the data revealed two outliers. In order to check whether they would 
significantly influence the results, the analyses were run both including and excluding these 
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two cases. Because they did not significantly alter the results, the analyses were reported 
including the two cases in question.  
Means and standard deviations of the emotion regulation conditions can be seen in 
Table1. The test of within subjects effects showed, a significant main effect for emotion 
regulation condition (Wilks’Lambda = .76, F(3,47) = 5.02, p < .01). This indicates that the 
four conditions differ in heart rate. The difference in means of the four conditions can be seen 
in the means plot (see figure 1).To account for the multiple comparisons being performed, the 
alpha level was lowered using Bonferroni correction. The Bonferroni correction is applied by 
dividing the alpha level (alpha = .05) by the number of comparisons made, therefore in the 
present analysis the alpha level was divided by three to obtain the adjusted alpha level (.05/3 
= .0167). The mean heart rate in the negative picture condition was compared to the neutral 
picture condition. Participants viewing negative pictures had no significantly different heart 
rates in comparison to the attend neutral condition (t(50) = - .68, p = .50).Thus, the negative 
pictures did not successfully decrease heart rate in the participants. This indicates that 
participants were not more emotionally affected by the negative pictures compared to the 
neutral pictures. Furthermore, the mean heart rate in the negative picture condition did not 
differ from the mean heart rate in the reappraisal condition (t(50) = 0.23, p = .82).This 
indicates that participants were equally as affected in the reappraisal condition as in the 
negative attend condition. The comparison between mean heart rate in the negative picture 
condition and mean heart rate in the suppression showed that the heart rate differed in the two 
conditions(t(50) = 2.17, p = .04). Yet, the Bonferroni correction rendered this difference non-
significant. This difference accounted for the main effect in the repeated measures analysis.  
Finally, it was hypothesized that successful use of the reappraisal strategy (higher bpm 
contrast score) would correlate with lower TBR at baseline measurement. Table 2 provides a 
summary of the correlations between EEG variables and heart rate measures.  The analysis 
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showed no significant association between the contrast score for reappraisal strategy and TBR 
(r(49) = 0.14, p = 0.34) nor for the association between the contrast score for mood induction 
and TBR(r(49) = 0.03, p = 0.84). Note, that the final TBR measure used in the analysis is the 
average TBR of parietal frontal and central TBRs. 
 
Figure 1. Mean heart rate (bpm) per viewing condition. 
 
 
Table 2 
Correlations between Heart rate measures, Theta /Beta ratio  
Note. N= 50. * = p < 0.05, ** = p< 0.01 (except for ‘whole-brainTBROpenClosed’ N = 49).  
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Variables  1 2 3 4 5 6 7 
1. Attend neutral (bpm) -       
2. Attend negative (bpm) - -      
3. Reappraise (bpm) - - -     
4. Suppress (bpm) - - - -    
5. Negative-reappraise 
(bpm) 
- - - - -   
6. Negative-suppress 
(bpm) 
- - - - - -  
7. Negative-neutral (bpm) - - - - - - - 
8.TBR Complete OC(Hz) .06 .07 .02 .10 .14 -.10 .01 
9.TBR Central OC(Hz) 
 
.02 .00 -.019 .04 .221 -.13 -.07 
10. TBR Frontal OC(Hz)  -.03 .03 .047 -.02 .031 -.18 .08 
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Discussion 
The main objective of this project was to investigate the nature of cognitive reappraisal 
in particular by looking at the physiological processes underlying cognitive control. Not only 
did we aim to establish whether bradycardia could be a physiological indicator of cognitive 
reappraisal, we also aimed to study the association of cognitive reappraisal as indicated by 
changes in HR and TBR. The results of the present study did not confirm prior research 
indicating a relation between emotional control and TBR (Putman et al., 2010). The negative 
pictures did not affect heart rate and the emotion regulation strategy cognitive reappraisal did 
not influence bradycardia. Eventually, the hypothesized association between cognitive 
reappraisal and TBR could not be established.  
 Bradycardia or deceleration of heart rate is considered to be a reaction of the 
autonomic nervous system, linked to freezing, which typically occurs following a stressful 
experience such as exposure to threatening stimuli. Although stronger bradycardia for 
exposure to negative pictures compared to neutral pictures was expected (Hagenaars et al., 
2014), no supporting results were obtained. This is in contrast to findings of a previous study 
on human freezing, which shows significant differences in heart rate deceleration measures 
between negative and neutral mood induction (Hagenaars et al., 2012). Hagenaars et al. 
(2012) showed that freezing-like responses (bradycardia) can be elicited by exposing 
participants to mutilation pictures. In their study participants were exposed to a set of pictures 
that were pleasant, neutral, and aversive in content. Before watching the pictures, a neutral 
film clip was shown to participants to make them feel at ease and normalize their heart rate. 
Heart rate was measured while they were standing on a stabilometric platform in front of the 
screen for the instruction. In contrast to the present study, results indicated a deceleration of 
heart measures in response to negative picture exposure.  
The discrepancy in the results compared to the present study may be explained by 
differences in the procedure. In Hagenaars et al. (2012) a neutral film clip was shown in the 
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beginning of the study to normalize heart rate. The present study did not start with a neutral 
film clip. Any event shortly before the experiment that influences heart rate measures (e.g., 
rushing to the experiment because of being late) may have influenced changes in heart rate 
that recover during the course of the study and thus could have influenced the study results. 
With the neutral film clip, Hagenaars et al., (2012) countervailed those effects. Another 
reason that may explain the contrasting results is that the sample only included female 
participants (Hagenaars et al., 2012). It was found that there are differences in how females 
and males displace their posture in response to unpleasant pictures, suggesting sex differences 
in reactions to emotional picture exposure (Hillman, Rosengren and Smith 2004). Movement 
can affect heart rate and may therefore generate differences in the measurements, which are 
difficult to separate from emotion regulation (Yeragani et al., 1990). The present study 
however included both male and female participants in the sample. A more recent 
investigation by Hagenaars et al. (2014) however addressed possible gender differences and 
included both male and female participants. In this study, freezing responses could be elicited 
in the participants after emotional exposure. Another difference to the current study is that 
mood induction was established through aversive film clips instead of pictures. In the present 
study, negative pictures did not elicit bradycardia and on that account differences in emotional 
regulation could also not be detected.  The lack of emotional reaction to the negative picture 
exposure likely masked possible differences in cognitive reappraisal ability.  A study which 
indicated relations between cognitive reappraisal and heart rate variability was limited to a 
mild anger induction, whereas in the present study picture exposure consisted of neutral and 
negative pictures (Denson et al., 2011). The negative pictures included stimuli which could 
also induce emotions such as sadness or anxiety. Including a wider range of emotions may 
have different effects on heart rate. Opposing findings may therefore be accounted for by the 
variety and type of emotion which is selected for the mood induction, in the different studies. 
While the present study used heart rate (bradycardia), a physiological way to measure affect, 
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many previous studies used more direct affect ratings (see e.g., Silvers et al., 2015) that may, 
in contrast to physiological measures, largely be affected by the participants’ attitudes and 
expectations towards emotion or social desirability. Therefore participants who expect to be 
sad or aggressive following picture exposure may indicate higher ratings than participants 
with different expectations. Contrary to this, physiological measures such as heart rate are 
mostly unaffected by social desirability.   
Contrary to our expectation that cognitive reappraisal and TBRs would be related, an 
association between a higher contrast score (attend negative minus reappraisal) and lower 
TBRs at baseline was not found. This hypothesis was based on the idea that cognitive 
reappraisal involves attentional control, which has been shown to be related to TBR (Buhle et 
al., 2014). This idea was also supported by Morillas- Romero et al. (2014), based on their 
study findings, the authors suggest that efficient downregulation of negative emotion is 
related to executive control capabilities. A rather indirect support for this notion comes from 
research on executive functions in individuals with psychopathology, which suggests relations 
between cognitive dysfunctions and emotional difficulties (Bar-Haim et al., 2007). 
Eventually, the idea that TBR is related to cognitive reappraisal emerged from 
research by Putman et al. (2010). In this study the research group looked at the association 
between EEG-TBR and self- reported attentional control and suggested that slow wave/fast 
wave measures may be used to study affect and emotional-cognitive performance. The results 
concerning the hypothesis that cognitive reappraisal and TBR are related have to be regarded 
with caution, since one of the two concepts, namely cognitive reappraisal could not be 
detected in the current study. The lack of association between the two concepts can mainly be 
explained by methodological differences and difficulties concerning the establishment of 
cognitive reappraisal.  
Several limitations of the current study have to be noted when considering the results. 
First, there is reason to assume that the mood induction was not sufficiently strong, to 
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effectively influence participants’ emotions. This was indicated by a lack of differences in 
heart rate when attending to neutral compared to emotional pictures. It is conceivable that 
pictures, even if traumatic in content, might be too subtle compared to video stimuli to be 
evident in heart rate measures (cf. Hagenaars et al., 2014), although the IAPS data base has 
been effectively used to induce negative mood before (Kuniecki et al., 2003). Yet, it is also 
possible that participants were rather familiar with extremely graphical content through media 
exposure and thus, the pictures were not sufficiently extreme to elicit an emotional reaction. 
Second, it was neither ensured that nor controlled if participants actually looked at the 
negative pictures. They might have looked to the side or somewhere else to distract 
themselves which is also a way to regulate emotions. In addition the present study focused 
only on the reappraisal of negative pictures instead of the reappraisal of positive stimuli, 
because it appears to be a process that is adaptive and related to measures of well-being 
(Gross & John 2003). However it would be interesting to investigate cognitive reappraisal 
within a broader range of emotions to better understand the concept and underlying 
mechanisms that constitute cognitive reappraisal. A final limitation of the study relates to its 
generalizability. The sample of the present study consisted of a homogenous group of students 
and academically oriented people within a small age range.  
Future research could provide stronger mood induction, for example through strong 
validated mood induction like film-clips, and develop exclusion criteria, which preclude 
participants who show no emotional reaction to the emotional pictures. In this way heart rate 
could be used more successfully to define individual differences in emotional reaction and 
potentially cognitive reappraisal. As an additional manipulation check, the success of 
reappraising emotions should be controlled. This could be achieved either with additional 
comfort/discomfort rating questionnaires or via individual experience reports.  
More measurements of cognitive reappraisal such as eye blink or startle response 
could be used to control for those distractions. Investigating the down- regulation of positive 
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emotional responses may help understand the role of cognitive reappraisal in a wider context.  
For instance, the up-regulation of positive emotions was investigated in comparison to the 
downregulation of negative emotions (Pavlov et al., 2014). Interestingly the up-regulation of 
positive emotion influenced the early stage of emotional response as seen in decreases in 
bradycardia; the downregulation of negative affect however was already evident during the 
anticipation of the negative stimuli. That is, the intention to reappraise an upcoming negative 
event was associated with decreases in bradycardia (Pavlov et al., 2014). On this account, the 
regulation of emotion by cognitive reappraisal is a complex phenomenon that can be looked at 
from many different perspectives and it is important to take the context into account to define 
the concept emotion regulation properly. It would be interesting to see the pattern of results 
for a sample more diverse in educational background, age and psychological health status. 
Differences in cognitive reappraisal may be more apparent when samples consisting of 
participants with psychopathology would be investigated in comparison as well. 
All in all, it is important to note that research has only recently started investigating 
the effects of cognitive reappraisal on heart rate and the study conditions still differ much 
across individual investigations. More research and investigations with similar procedures are 
needed to draw extensive conclusions. The current research did not show any association 
between heart rate, cognitive reappraisal TBR. Nevertheless, the present study provides an 
important first step by investigating a possible biomarker of cognitive reappraisal ability, 
which has not been investigated before. Furthermore, using heart rate (freeze response) as a 
measurement for affect, instead of emotional ratings when investigating cognitive reappraisal, 
was a new account on the investigation of emotion regulation.  
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Appendix: 
 
Medische vragenlijst 
Wij verzoeken je om zo accuraat en eerlijk mogelijk op de volgende vragen te antwoorden 
1. Alcohol: 
Wanneer heb je voor het laatst alcohol gedronken? 
           ________________________________________ 
Hoe veel alcohol heb je gedronken? 
 ______________________________________ 
2. Roken: 
Wanneer heb je voor het laatst een sigaret gerookt? 
________________________________________ 
Hoeveel sigaretten heb je gerookt? 
 ______________________________________ 
Hoeveel sigaretten rook je gemiddeld per dag? 
 _______________________________________ 
3. Koffie: 
Wanneer heb je voor het laatst een kopje koffie gedronken? 
 _______________________________________ 
Hoe veel koffie heb je gedronken? 
 _______________________________________ 
Hoeveel koffie drink je gemiddeld per dag? 
_______________________________________ 
4. Drugs: 
Wanneer heb je voor het laatst psychoactieve substanties gebruikt? 
 
Deelnemersnummer:________ 
 
Datum:                       Tijd:                                    Onderzoeker:  
 
Demografische informatie 
1. Naam:                                                                  
2. Geslacht: man/ vrouw  
3. Geboortedatum:  
4. Nationaliteit:  
5. Wat is het hoogst educatie niveau dat je tot nu toe hebt behaald? 
Ø    Basis school  
Ø    VMBO  
Ø    HAVO  
Ø    VWO  
Ø    Propedeuse HBO  
Ø    HBO  
Ø    Propedeuse WO  
Ø    Bachelor WO  
Ø    Master WO  
Ø    Doctoraal WO  
Ø    Post-master WO  
Ø    Andere :  
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Instructions Emotion Regulation Task 
 
First instructions: 
We will now show you four blocks of photo’s.  
For each block, we would like you to view the photo’s differently. Before every block you will 
receive instructions about how to do this.  
Read the instructions carefully and try to understand what we are asking you to do. 
Attend neutral/negative: 
Look carefully at the photo’s. Explore what every photo depicts and think of the situation and its 
meaning. Especially, try to explore what thoughts and emotions come up when looking at the photo. 
Notice the physical and emotional sensations that might be evoked in you. Be aware what the photo 
does to you, mentally and physically. Try to experience the image, situation and emotion. 
Reappraise  
Look carefully at the photo’s and be aware of what they depict. The photo’s might evoke an 
emotional reaction because of their meaning. Try to change this meaning for every photo. Imagine 
for example that everything is more positive than depicted. Try to think of a possible story for the 
image that makes everything more positive.  We are NOT asking you to suppress your feelings, just 
try to change the meaning of what you see into a more positive way.  
Suppress 
Look carefully at the photo’s and be aware of what they depict. The photo’s might evoke an 
emotional reaction because of their meaning. Try to suppress these feelings. We are NOT asking you 
to think of a more positive meaning for the photos. Accept the images for what they are but try to 
switch off your feelings. Make yourself strong and untouchable. Try to control your emotional 
reactions in a way that if someone is watching you, he wouldn’t see that you are having any 
emotions. Make yourself cold and emotionless. Switch off your feelings.   
 
